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@ The model £ = 50.00"9 — —=0(x ~ Lo/2) [

\\
By Eq. of motion (V2 —082)¢ = V(t)d(z — Ly /2)¢ \\\\\2\\\\\ %
R = t x i) I =

PSS
’

’J Boundary conditions disc ¢ = 0 i
disc 0,¢ = V (t)p(x = L /2,1)

I) Time-dependent conductivity V(t)

V — 0 ‘transparent’ material
V — oo perfect conductor

I) Electromagnetic analogue [Barton+Calogeracos, Ann. Phys. 238, 227 (1995)]

Plane-polarized electromagnetic radiation propagating normally to an infinitesimally thin plasma sheet

E, = —0;A, Bll= (W xA), = 0,4, o
B} Eq. of motion (02 - 01)A, =0 moin = —e0;Ay(x = L /2) Ey}»BE

t

Fj Boundary conditions L BT | \&\%\\\\\ \\\\\\\\\\\\\\\

disc A, =0 of charge carriers N

4 : I
disc 0, Ay = —4nj, = —4mngse O ! kx
t I B,
Surface current density
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Two sets of solutions:

B} ¥m(%) have anode at © = Ly /2 and do not see V (t) gihi |
/ ' fy=tanq |
'J wal (X = % sin(kp,, (t)x) L2yLZ sin (W?5y> sin (W?:Z> 2=Hnd
(V) (o (t) L
VD) = tan ( 5

I)For t < 0 the semiconductor slab is not irradiated, so V(t < 0) = V%

—iWmt F ‘
it ol e e\/ﬁwm(X’ 0) Do = (i, ) (%> 1 (T)

I) For t > 0 the slab is irradiated, so V. — V(¢) and km, — km, (t)

Expansion in instantaneous modes: us(x,t > 0) ZP(S) ) Ym(x,1)

BE) +wi()PP =->" [(2P(S)kmm + P(S)kmz) g 4 peI2 gﬁfg]

) o —

simple functions of ¥(x,t)

%1943—2003
» Los Alamos

NATIONAL LABORATORY
Ideas That Change the World




@ Resonant photon creation

We focus on resonant effects induced by periodic oscillations in the conductivity

f(0)=0 fi(t)
V(t) = ‘/0 + (Vmax — Vb) f(t) f(’re) i 1 -:
F(8) = fo+ Y fjcos(Qt +¢;) QjZJ'Q% of :
7} I te T t (a.u.)

') Perturbation theory: When VoLz > Vimax/Vo > 1 large changes in the conductivity induce
small changes in the frequencies of the modes. We employ perturbation in €n

Vmax i VO

kn(t) it k(r)z,(l i €nf(t)) il Lx(k2)2 + (1 4t %) <1

I) The modes are a set of coupled harmonic oscillators with periodic frequencies and couplings

- - (s) 5 imilar to egns for scalar
P(S) 2P(S) — _9 o kO 20 P(S) . E 2P(S) (s) . 0 (A) 2 S|m| . :
n Tenln én(kn)”(f = fo) P — [ m' [+ P f] ém ki Gran +O(€7) field modes in 3D cavity

1 with oscillating boundary

is a renormalized frequency, @2 = ()2 + (7n,/L,)? + (7n,/L,)* k2 =k0(1+ e, fo)

') Parametric resonance: Wn < Qj
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I) In the resonant case, a naive perturbative solution of the mode equations in powers of €5,

breaks down after a short amount of time, of order €, " Qj_l

I) Multiple scale analysis "4 resummation of the perturbative series
". solution valid for longer times, of order 6;2 Qj—l
new time scale: T, = €, t PO () = POO (¢t ) + e, POV (1 7.) + O(e2)

Ly zerothorder: PP = AL (r,)e™n! + B (7,,)e"n

Ry firstorder: 7ROW4@PYM = —25%, PO -2k (f~ )OO -3 o [0, PQOR, f + POOK, f]

n

F ) Key idea of MSA: avoid secularities by imposing that any term eTnt in the RHS vanishes

Q; = 23

= o, e |

dAY) (k)2 | em Q; |
EI § : ) ) p(s)icis(90. — Q). _E :_m_ﬂ (A) L0 r(_2%9 _ ~ (8) 0t §(De — e — Q)
dTn 2 g f] { 42(:)11 Bn e 5(2wﬂ Q]) — €n 47,(.:)n Imn km [( 2 wm)Am e 5(wn Wm Q])+

(—79 + Om)AB e 5 (0 — m + Q) + (—73 + GOm) BB e §(0n + O — Qj)]}

(s)
dfn = (RHS)* with A®) — B®
Tn
//'17 149,438 2101 043
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B) Resonance conditions: Qj =2wn
Q, = |0 &

"4 The eigenfrequencies wn are not equidistant
In general, when (j, m,n) satisfy RC, then (j',m’,n") do not

== single Fourier mode f(t) = fo + fjcos(2;t + ¢;)

B) Parametric resonance case: §2; = 2wy

J In general, there will be no mode coupling == Q(A) T
(s) 0 zc (s) 0)\2 —1C;

B dAn (k ) fj V (s) dBn (k ) fje i (s)

B S TrxdiA f iR iE n A S

v dry, Qj i dr, ! Qj §

"} Mean number of created photon with frequency @n = /2

t)) = Z 20n| A (t)|? ~ sinh? <%ent>

J

exponential growth at a rate Tcond = 2(k2)*fi€n/9;

%1943/2003
> Los Alamos

NATIONAL LABORATORY
Ideas That Change the World




@& Numerical estimations

47re>

ns(t)

") Slab not illuminated == semiconductor == Vo = 10°m~" — 103m ™1
'J Slabilluminated == good conductor == Viax = 10"%m~!

B} Typical values of the conductivity V(t) =

R4 Small parameter €, : 107% < ¢, < 107 for a cavity of size L, ~ 10~*m
I Profile example for the conductivity: linear ramps  V'(¢) = Vo + (Vinax — Vo) f(?)
(t)

;o 1 sin(mjre/T) [ 1/mj il Qi< 1 a;
1T il = 7.)T)  wjr)T R et i R el :

I te T t(a.u.)

B§ Rate of photon creation: Tcond = én/T for Q7. < 1 andLy, L. > L, . Itis independent of J

B} Resonant condition: §; = 275 /T ~ GHz It can be achieved with low values of j € [1, 10]
with femtosecond lasers w/ repetition freq. 27 /T ~ 100MHz

B Excitation time Te = 10" Psec = 07 <1 wap 1Hz < reopg < 10°Hz
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P& Comparison with the oscillating mirror:

Typical photoproduction rates for
yp p p Tmov ~ 6II’IOV/CZ—YI’IIOV

i

F) Ratio of photo-production rates

Bl O
T"cond _ €n Trnov _ 106 Trnov > 1 €mov ~ 10_8
T'mov €mov 1 T 27T/T ~ MHz
By Detuning

In order to have resonant effect, the external frequency must be
tuned with the frequency of the resonant mode with a high accuracy.

Ly Moving mirror case:  detuning AQmey ™= Allnoy/Qmov < €mov
) MIR experiment case: detuning AQj —) AQj/Qj < €p

Since €, > €mov fine tuning is much less severe in the MIR experiment

UL T sec

mechanically oscillating mirrors dleili g ly 8
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Summary

F 4 Toy scalar model to mimic photon creation by time-dependent, periodical changes in the conductivity

" For changes in the conductivity of up to six orders of magnitude, the modes of the field oscillate with
small amplitudes

P4 Due to the short excitation time of the semiconductor (7./7T" < 1) it should be possible to tune

a cavity mode with a frequency of a high 7 Fourier harmonic of the time-dependent conductivity

FJ Aslong as jﬂTe/T < 1 it should be possible to produce resonant effects with ultra-short pulses

with repetition frequency well below the GHz range

FJ Advantages: much faster photo-production rates and milder fine tuning problems




